fits and costs. This shortcoming may be addressed The purpose of this study was to determine the by directly estimating Mississippi Delta producers' economic risk efficiency of implementing a boll benefits and costs of a BWE program. However, weevil (Anthonomus grandis [Boheman] The BWE programs undertaken to this point have of the Mississippi Delta. However, APHIS is interbeen heavily subsidized by both the federal and state ested in expanding the program to encompass the governments. An important question involves the Mississippi Delta. This expansion will require a economic attractiveness of an area-wide program majority of cotton (Gossypium hirsutum L.) producgiven lessened or no cost sharing by governmental ers in the region to accept the economic and manageagencies. Thus, the objective of this paper is to ment BWE program requirements. A key ingredient determine the limits of profitable participation in a in gaining producer acceptance of a BWE program BWE program by Mississippi Delta cotton producin the Mississippi Delta is an economic analysis ers under alternative pest management participation indicating its possible benefits. levels. To this purpose, data generated by a physiThe present procedure for providing such an analyologically based cotton growth simulation model sis is to evaluate pre-and post-BWE pesticide budgdescribing the Mississippi Delta (Brown et al.) are ets and returns in an existing area currently under a analyzed using risk efficiency and discounted cash BWE program (Carlson and Suguiyama; Carlson et flow criteria. Significant factors that producers al.). The observed benefits and costs of the existing should consider before adopting a BWE program in BWE program are then extrapolated to the new area their region are discussed, and some important relabeing considered for a BWE program such as the tionships that may exist between pest management Mississippi Delta. A shortcoming of this approach is practices and the environment are indicated. Specifithat the environmental conditions may differ becally, the interactions of different pest management tween the two regions under consideration which participation levels with an eradication program are could result in biased estimates of extrapolated beneinvestigated in terms of risk efficiency.
In the southeastern U.S., the boll weevil (Aneffect of pest management participation rates on thonomus grandis [Boheman] ) eradication (BWE) BWE programs. Recent literature suggests that the program directed by the U.S. Department of Agridegree of participation influences producers' returns culture (USDA), Animal and Plant Health Inspec- (Smith et al.) . tion Service (APHIS) generally involves states east
The BWE programs undertaken to this point have of the Mississippi Delta. However, APHIS is interbeen heavily subsidized by both the federal and state ested in expanding the program to encompass the governments. An important question involves the Mississippi Delta. This expansion will require a economic attractiveness of an area-wide program majority of cotton (Gossypium hirsutum L.) producgiven lessened or no cost sharing by governmental ers in the region to accept the economic and manageagencies. Thus, the objective of this paper is to ment BWE program requirements. A key ingredient determine the limits of profitable participation in a in gaining producer acceptance of a BWE program BWE program by Mississippi Delta cotton producin the Mississippi Delta is an economic analysis ers under alternative pest management participation indicating its possible benefits. levels. To this purpose, data generated by a physiThe present procedure for providing such an analyologically based cotton growth simulation model sis is to evaluate pre-and post-BWE pesticide budgdescribing the Mississippi Delta (Brown et al.) are ets and returns in an existing area currently under a analyzed using risk efficiency and discounted cash BWE program (Carlson and Suguiyama; Carlson et flow criteria. Significant factors that producers al.). The observed benefits and costs of the existing should consider before adopting a BWE program in BWE program are then extrapolated to the new area their region are discussed, and some important relabeing considered for a BWE program such as the tionships that may exist between pest management Mississippi Delta. A shortcoming of this approach is practices and the environment are indicated. Specifithat the environmental conditions may differ becally, the interactions of different pest management tween the two regions under consideration which participation levels with an eradication program are could result in biased estimates of extrapolated beneinvestigated in terms of risk efficiency.
HISTORICAL PERSPECTIVE ducers' cost of a BWE program is only the share of A history of the boll weevil in the southeastern program costs stipulated in the referendum. ize producers with the regional severity of the boll Financial and directive support was provided by the regional severity of the bo state agricultural departments and cotton producers.
weevil problem and withrequirements and activities The project's purpose was to determine if eradicaof a BWEprogram. Theactualprogram isstartedby tion techniques would be effective against the cotton mapping cotton fields and setting out survey traps at boll weevil. The success of this original eradication the end of the first season from August through project and passage of referenda by southern North November to document the severity of the problem. Carolina and South Carolina cotton producers
Pesticide applications are applied in intervals of Carolina and South Carolina cotton producers prompted an expansion of the eradication zone into seven to 14 daysdependinguponthetimeofthe year. these regions.
Applications cease when the cotton plants are destroyed either by cold weather or by the producer. In Carlson and Suguiyama, in evaluating the BWE Carlson and Suguiyama, in evaluating the BVWE the spring of the second season, traps are placed program, determined that under the program, proaround previous season's cotton fields with an oriducers' expenditures for cotton insecticides declined e potentia overwintering sites and monientation to potential overwintering sites and moniand net returns were enhanced when compared with tored through cotton's flowering phase. If traps expenditures prior to BWE implementation. The t t expenditures prior to BWE implementation The indicate the potential of a large boll weevil populaability of this initial BWE program to increase protion todevelop, a series of five pesticide applications ducer returns while decreasing pesticide use has atweeklyintervalsareadministered.Phermonetraps enhanced the acceptance of BWE throughout the are then installed and monitored until plant maturity. cotton belt. In 1987, the BWE program was exIf the traps indicate the potential for a large over-winpanded into Georgia, Florida, and Alabama. BWE ring population, additional pesticide applications programs are also underway in California and Anare administered. The following spring, surveys are zona (Brandon) . Ezona (Brandon) . cottonproconducted around the previous year's cotton fields Each successful cotton producer referendum to gauge the potential boll weevil populations for obliges all cotton producers to participate in the season three. If spot infestations are detected, they BWE program and stipulates the proportion (cost are eliminated through limited pesticide applications share) of total BWE cost producers will contribute, or by intensive trapping if infestations are confined The remaining BWE program cost is borne by to a restricted area (Planer) . APHIS, state governments, and Cooperative Extension Service contributions. These program costs not COTTON PEST MANAGEMENT only include the cost of insecticides and application Inexpensive synthetic organic products including but also all monitoring and administrative costs. In the organochlorines were introduced to agriculture North Carolina, 51 percent of the program costs after World War II and were effective in controlling during the three year eradication period were paid by all types of insects. With these products cotton progovernmental agencies (Carlson and Suguiyama) . ducers adhered to a "sterile field" philosophy and After the initial three year period, cotton producers applied up to 20 insecticide applications per season. were assessed a ten dollar per acre maintenance fee
In 1972, 39 million pounds of insecticide were apto cover all costs associated with regional scouting, plied to Mississippi cotton (Rajotte et al.) Resisspot treatments if an area became reinfested, and tance and environmental concerns ensued, program administration. In the Georgia, Florida, and prompting a wider acceptance of integrated methods Alabama expansion area, producers agreed to conof control. Adoption of integrated pest management tribute 70 percent of the costs of eradication and up (IPM) in cotton involved the acceptance of ecoto $10 per acre maintenance fee after eradication is nomic thresholds as the guiding determinant of completed (USDA; APHIS),. whether to apply a pesticide. IPM practices included BOLL WEEVIL ERADICATION PROGRAM preservation and use of beneficial insects and other biological control agents, adoption of other cultural A BWE program is conducted by APHIS, where (nonchemical) practices of pest control, and the proall program pesticide applications, surveying, and motion of field scouting to determine pest populamonitoring traps are implemented by APHIS. Protion densities. 238
While the adoption of IPM methods is widespread youngest fruit the most susceptible. It is also asin cotton production, some producers rely upon insumed that Heliothis spp. larvae will feed on fruit dividual experience and modify extension guidedamaged by boll weevil, but boll weevil will not lay lines to suit their particular situation (Smith et al.) .
eggs in fruit already damaged by Heliothis spp. An individual's degree of risk aversion may dictate
The interaction between the cotton crop and insect alternative control methods that nevertheless intemodels occurs through the fruit. The crop damage grate some or most of extension recommendations done by the insect pests is calculated each day and (Szmedra et al.) . Also, in some instances cotton transferred to the crop component model. Also, insecticides are applied by producers on a routine status of the fruit is updated daily and transferred to prophylactic calendar schedule despite the apparent the component models of the two insect pests. superiority of IPM methods (Carlson and Sugui- The CIM model contains soil descriptions typical yama).
of the Mississippi Delta region. Twenty two years of weather data (Jones et al. 1980) , the boll weevil model both boll weevil and Heliothis spp. influxes were CIM-BW (Jones et al. 1977) , and the Heliothis spp.
assumed to occur at average intensity and normal model CIM-HEL (Brown et al.) . In COTCROP, crop historical onset as determined by Brown et al. For a growth is calculated for plants growing on one meter detailed evaluation, alternative pest influxes and insquare of ground area. The model maintains carbotensity levels could be investigated. Dates of crop hydrate and nitrogen balances for the plants and emergence and harvest were set at May 1st and water and nitrogen balances for the soil. The daily October 1st, typical of the Mississippi Delta region. demand for carbohydrate and nitrogen is calculated
In actual practice harvesting usually occurs over an on the basis of growth rate of the plant. Available extended period of up to 6 weeks depending on the nitrogen is determined from plant uptake on the basis equipment complement. Crop maturity is predicted of depth of roots and distribution of soil nitrogen. A in the CIM model by percentage of open bolls. In our surplus of either nitrogen or carbohydrate is stored study, predicted crop maturity was at or near 100 in the crop for later use; a shortage of either causes percent open bolls on the October 1st harvest date. fruit (bolls or squares) of different ages to be abDryland production was assumed. Parameter inscised. Water stress also causes abscission of fruit.
itializations remained constant throughout the modThe boll weevil is initiated with emergence of eling exercise. over-wintering adults into the cotton field. The state variables in the model consist of vectors of popula-PEST MANAGEMENT STRATEGIES tion densities for cohorts of each life stage (egg,
The central concepts of an IPM program in cotton, larva, pupa, and adult). Development of each stage including scouting and economic threshold determiis a nonlinear function of temperature. Damage to nation, are generally accepted by cotton producers. the cotton crop by boll weevil feeding and oviposiHowever, some producers may choose to modify tion is affected by average daily temperature, insect extension guidelines by incorporating past experiage, and available food sources. Mortality occurs ence, safety first considerations, intuition, and/or through longevity, insecticide application, and prereliance on approaches that were successful in the dation.
past (Carlson and Suguiyama) . Partial or total adopAs the model moves through the season in daily tion of extension IPM recommendations may alter 'increments, Heliothis spp. cohorts age until they the effectiveness of a BWE Program depending make the transition to the next life stage. Stage upon the extent to which growers modify the sugtransitions are dependent on the number of degree gested guidelines. days accumulated. Fecundity is a function of temTo reflect this modifying behavior in a modeling perature and adult age. Mortality can be caused by context, a low IPM user is defined as a producer who insecticides, predators, or natural causes. Heliothis follows the initial threshold guidelines to apply pesspp. damage is directly related to fruit age, with the ticides for boll weevil and/or Heliothis spp., but then 239 follows a pesticide application regime based on a 1. High IPM With BWE. A producer is assumed calendar date criterion. In this case, pesticide is to followed extension guidelines to apply a pesapplied every ten days after the initial threshold is ticide for Heliothis spp. when the population reached through the remainder of the season. A high reaches or exceeds four larvae per 100 plants. IPM user is defined as a producer who allows extenAn ongoing eradication program was assumed sion guidelines to control pesticide applications with producers paying either zero, 25,50,70, or throughout the season. The extension guidelines fol-100 percent of the costs of BWE implementalowed in this study are based on current Mississippi tion in each of the first three years. BWE is the Cooperative Extension Service cotton pest manageresponsibility of the implementing agencies. ment recommendations (Head) .
The producer pest control decisions center on *Chordimeform, employed fo. in the simulator (other than those associated with lThe EPA allowed chlordimeform to be used on the 1989 cotton crop as the most expeditious way of eliminating the insecticide from dealer and producer stocks. Allowing its use will circumvent the cost of storage and disposal and arguably would be the most environmentally benign method of depleting stocks. insecticides and BWE), including planting date, row strategy with BWE, while the lowest yield is realized spacing, and cotton variety, were set at the same under a high IPM regime without BWE. It is not levels. BWE program costs were available from surprising that a strategy including BWE would APHIS officials administering the current BWE proprovide the largest yield. Neither is it unusual to find gram in Georgia, Florida, and Alabama, and the a low IPM adoption strategy providing superior eradication maintenance program in North and yields compared with a high IPM strategy. The meSouth Carolina (USDA; APHIS). It was assumed chanics of the economic threshold concept almost that the costs of extending the program to the Misassure this result. Rather than practicing a "sterile sissippi Delta would be similar. Maintenance fees field" approach, high IPM deploys an insecticidal were assumed to increase five percent per year after application prior to pest populations' reaching damyear four to factor in the costs of inflation. The aging levels. Insect pests are allowed to remain in analysis used a cotton spot market price of $0.55 per the field longer, causing a yield loss. would probably experience a negative discounted percent cost share, Strategy 2.C, were subtracted cash flow at that level of grower financing at an from returns realized from low IPM without BWE, implied interest rate of 7.14 percent or more. EvaluStrategy 4, for each year. These benefits were ation of both the summary statistics and discounted summed over the 22 year period and discounted at cash flow returns argue for high IPM adoption in a four nominal interest rates assumed to reflect a time region where BWE is being implemented. value of money into the near future.
2
The present value of the BWE program at a 10 CONCLUSIONS percent discount rate is economically more attractive
Results from the simulation model indicated BWE when high IPM strategies are being followed. Proto be a cost effective and risk efficient program under ducers using high IPM and bearing 100 percent of various alternative cost shares and IPM adoption eradication and maintenance costs, Strategy 1.E, levels. Practicing high IPM under an eradication would realize a positive net present value at that program provided generally superior results cominterest rate without any governmental agency subpared to low IPM. Discounted cash flow analysis sidy. From a strict cost/benefit standpoint, investindicated that an eradication program coupled with ment in a BWE program is a sound, profit generating high IPM at most cost share levels and discount rates action. Under low IPM, discounted cash flow beanalyzed, resulted in positive cash flow for all but comes negative at 70 percent cost share at a discount the highest interest rates. On the other hand, low IPM rate of 7.14 percent. This finding implies that low and BWE experienced negative cash flow at a 70 IPM users should be particularly concerned about percent producer share and 7.14 percent discount level of cost defrayment agreed upon prior to BWE rate. Stochastic dominance results, in general, corimplementation. The original North Carolina proroborate other findings in indicating the attractivegram specified a 50 percent cost share level. More ness of following a high IPM regime regardless of recently, the Georgia, Florida, and Alabama program the cost sharing scheme. has allocated 70 percent of costs to be paid by Obviously the lower the cost share levels, the more growers in the eradication region. A low IPM user economically attractive a BWE program appears to 2 Analyzing the projected income stream over an abbreviated planning horizon of perhaps 10 or 12 years may be valid if one is concerned with recouping the benefits associated with the initial project investment in capital equipment to implement the BWE program. Using a shorter horizon would diminish the financial attractiveness of participation in a BWE program. For an individual producer, however, share of capital equipment outlays has been included in the cost-sharing scheme. Therefore, an extended horizon was chosen to reflect the long term benefits to cotton producers of a region-wide BWE program.
the cotton grower. However, the results indicate a An objective of this study was to present a method BWE program to be economically attractive at virto evaluate a BWE program for different levels of tually any cost share provided high IPM is followed.
IPM and producer cost sharing. The results of this Specifically, the analysis indicated that a positive study indicate that BWE is a significant step towards cash flow results when producers finance 100 perimproving the cotton producer's financial situation cent of program costs. In general, producers utilizing as well as limiting the number of pesticide control BWE can expect higher net returns than from a actions. Increased returns and decreased environcomparable strategy without eradication in effect, mental degradation are key issues in considering due to fewer insect control applications and thus less BWE, and this study presents a method to assess the control costs.
BWE program in this context.
